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VALVE FOR CONTROLLING FLUID FLOW THROUGH A TUBE, AND RELATED 

SYSTEMS AND METHODS 

Background 

5 [1] Unfortunately, many people require the assistance of a drainage system to. 
remove fluids such as urine from their body. For example, a quadriplegic typically has 
no control over his/her own bladder and depends on a drainage system to remove 
urine and allow him/her to venture away from a restroom for extended periods of time. 
The drainage system stores fluids and allows a user to dispose of these fluids at a 
10 time convenient for the user. 

[2] FIG. 1 shows a conventional drainage system 20, described in U.S. Patent No. 
5,092,856 to Johnston, that includes a reservoir 22 for storing a fluid and a valve 24 to 
control the flow of fluid from the reservoir. FIG 2 shows a cross section of the valve 24 
in FIG. 1 in a closed position. The drainage system 20 also includes a catheter 26 for 
15 transferring fluid to the reservoir 22 a drain tube 28 for transferring fluid out of the 
reservoir 22 and a lever 30 for selectively opening and closing the valve 24. To drain 
the reservoir 22, one opens the valve 28 by moving the lever 30. To quit draining the 
reservoir 22, one closes the valve 28 by releasing the lever 30. 

[3] The valve 24 includes a spring 32 that biases the valve in a closed position. 
20 The spring 32 forces the plunger 34 toward the end 36 to pinch the drain tube 28 
closed. To insure that the drain tube 28 is sufficiently pinched to prevent flow through 
the tube 28 when the valve 24 is closed, the spring exerts considerable force on the 
plunger 34. Consequently, to open the valve 24 and keep it open while the reservoir 
drains, a user must overcome the spring's force on the plunger 34. 

25 [4] Unfortunately, the strength and dexterity required to open and keep open the 
valve typically exceeds a quadriplegic's strength and dexterity. To assist the 
quadriplegic, electrically controlled and operated valves can be used. But, their use 
presents other problems. First, such valves require a power source, which can be 
expensive to maintain and can expire at a very inconvenient time. Second, if the valve 
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fails for some reason, for example water or other types of fluid damage the valve or 
power source, the valve may stick in the open or closed position. Stuck in the open 
position, the valve will not allow the drainage system to store fluids for any length of 
time. And stuck in the closed position, the valve will not allow the drainage system to 
5 be drained without permanently opening the valve. 

[5] Thus, there is a need for a valve to control the v flow of fluid from a reservoir, that 
requires minimal force and dexterity to open, keep open, and close, and remains 
closed when not operated by a user. 

10 Summary 

[6] The present invention provides a valve assembly for controlling the flow of a 
fluid through a tube. The valve assembly requires minimal strength and dexterity to 
operate and thus can be operated by a user lacking these. The valve assembly 
includes a valve that can be opened and closed to permit, or prevent or substantially 

15 prevent fluid from flowing through the tube. The valve assembly also includes a 
caliper for selectively opening, keeping open and closing the valve. When closed, a 
spring in the valve forces a plunger to pinch the tube against a bar. The bar focuses 
the pinching force of the plunger and thus reduces the force required for the spring to 
close the valve. The caliper is attached to the valve by a cable and includes a main 

20 lever for opening the valve and a lock lever for keeping the valve open. Thus, a user 
does not have to "hold" the valve open. To open and close the valve, the main lever 
and lock lever, respectively, are rotated in the same direction. Thus, a user who can 
extend his/her arm with sufficient strength to open the valve yet cannot retract their 
arm with the same strength, can operate the valve. 

25 

Brief Description of the Figures 

[7] FIG. 1 is a schematic view of a conventional drainage system that includes a 
reservoir and valve. 
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[8] FIG. 2 is a cross-sectional view of a conventional valve incorporated in the 
system of FIG. 1. 

[9] FIG. 3 is a side view of a drainage system incorporating a valve assembly 
according to an embodiment if the invention. 

5 [10] FIG. 4 is a cross sectional view of a valve according to an embodiment of the 
invention that is incorporated in the valve assembly in FIG. 3 and shown open. 

[11] FIG. 5 is a cross-sectional view of the valve of FIG. 4 closed. 

[12] FIG. 6 is an end view of the valve of FIGS. 4 and 5 and taken along the line 6-6 
in FIG. 5. 

10 [13] FIG. 7 is a side view of a caliper according to an embodiment of the invention, 
that is incorporated in the valve assembly in FIG. 3 and shown in the locked position. 

[14] FIG. 8 is a side view of the caliper in FIG. 7 in the unlocked position. 

Detailed Description 

15 [15] All terms used herein, including those specifically described below in this 
section, are used in accordance with their ordinary meanings unless the context or 
definition indicates otherwise. Also, unless indicated otherwise, except within the 
claims, the use of "or" includes "and" and vice-versa. Non-limiting terms are not to be 
construed as limiting unless expressly stated (for example, "including" and 

20 "comprising" mean "including without limitation" unless expressly stated otherwise). 

[16] The present invention provides a valve assembly that controls the flow of a fluid 
through a tube. The valve assembly includes a valve that can receive a tube, can be 
opened to permit fluid to flow through the tube and can be closed to prevent or 
substantially prevent the fluid from flowing through the tube. In the closed position, the 
25 valve pinches the tube between a plunger and a bar to seal or substantially seal the 
portion of the tube upstream from the valve from the portion of the tube downstream 
from the valve. The bar focuses the pinching force of the plunger into a small area on 
the drain tube. Consequently, the pinching force of the valve can be minimized. In the 
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open position, the valve partially pinches or does not pinch the tube to allow the seal to 
be broken and fluid to flow through the tube. The valve assembly also includes a 
caliper that one can operate to open, to lock open and to close the valve. By 
minimizing the pinching force and locking the valve open, a person having marginal 
5 strength and/or dexterity can open, keep open and close the valve. Thus, 

quadriplegics or other persons suffering from a lack of bladder control and reduced 
strength and/or dexterity in their limbs can easily operate the valve assembly to drain 
fluids such as urine from an external reservoir. Furthermore, because the valve is not 
electrically operated or controlled, the valve remains closed when not operated by a 
10 user. 

[17] FIG. 3 is a side view of a wheelchair 40 that includes a valve assembly 44 
according to an embodiment of the invention. In this and certain other embodiments, 
the wheelchair 40 also includes a reservoir 46 for storing fluid generated by a user, a 
catheter 50 for transferring fluid from the user to the reservoir 46, and a drain tube 52 

15 for draining the fluid from the reservoir 46. The valve assembly 44 controls the flow of 
fluid through the drain tube 52 and includes a valve 58 that can be opened and closed 
to permit or prevent urine from flowing through the drain tube 52, a caliper 60 for 
opening, locking open and closing the valve 58, and a cable 62 connecting the caliper 
60 to the valve 58. The caliper 60 can be mounted on the wheelchair 40 using any 

20 desired fastening technique such as bolts and nuts, adhesive or Velcro® and at any 
desired location that facilitates the user's operation of the caliper 60. For example, the 
caliper 60 can be mounted on the frame 56 near the person's hand. In other 
embodiments, the caliper 60 can be mounted near the user's head if the user lacks 
strength and dexterity in either hand or either arm. The valve 58 can be mounted to 

25 the drain tube 52 or frame 56 of the wheelchair 40 using any desired technique. For 
example, in this embodiment the valve 58 is frictionally mounted to the drain tube 52 
as discussed in greater detail elsewhere herein. In other embodiments, however, the 
valve 58 can be mounted to the wheelchair 40 in a similar manner as the caliper 60. 

[18] Still referring to FIG. 3, in this and certain other embodiments, the cable 62 is 
30 similar to a bicycle brake cable that transmits the motion of a brake handle squeezed 
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by a rider to the brake pads of a wheel of the bicycle. More specifically, the cable 62 
includes wound metal wires (not shown) that pass through a sheath (not shown). 
When the user operates the caliper 60, the wound metal wire slides inside the sheath 
and pulls on the valve 58. The cable 62 also includes a valve end 64 attached to the 
5 valve 58 and a caliper end 66 attached to the caliper 60. These ends 64 and 66 can 
be attached to the valve 58 and caliper 60, respectively, using any desired fastening 
technique such as soldering or pivotally retaining a knob (not shown) on the ends 64 
and 66 in a slot (not shown) in the valve 58 and caliper 60, respectively. 

[19] Still referring to FIG. 3, in this and certain other embodiments, the catheter 50 
10 and drain tube 52 can be connected to the reservoir 46 using any desired fastening 
technique that adequately seals the catheter 50 and drain tube 52 to the reservoir 46. 
For example, the catheter 50 and drain tube 52 can be glued to the reservoir 46. The 
reservoir 46 can be attached anywhere as desired, such as on the person's leg 54 or 
on the frame 56 of the wheelchair 40 using any desired fastening technique. For 
15 example, the reservoir 46 can be strapped to a user's leg with a belt or placed in a 
cage attached to the frame 56 of the wheelchair 40. 

[20] Still referring to FIG. 3, in operation, a user monitors the level of fluid in the 
reservoir 46. When the user determines that the reservoir 46 should be emptied, 
he/she places the drain tube 52 over the receptacle he/she wants to transfer the fluid 
20 to. Next, the user opens and locks open the valve 58 by operating the caliper 60, as 
discussed in greater detail in conjunction with FIGS. 7 and 8. After draining the 
reservoir 46, the user closes the valve 58 by operating the caliper 60, also discussed 
in greater detail in conjunction with FIGS. 7 and 8. 

[21] FIGS. 4 and 5 are cross-sectional views of the valve 58 in FIG. 3, according to 
25 an embodiment of the invention. FIG. 4 shows the valve 58 open to permit fluid to flow 
through the drain tube 52. FIG. 5 shows the valve 58 closed to prevent or 
substantially prevent fluid from flowing through the drain tube 52. 

[22] Referring to FIGS. 4 and 5, in this and certain other embodiments, the valve 58 
includes a valve body 68 made from acrylonitrile butadiene styrene plastic (ABS) or, 
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as desired, any other type of plastic or other material such as metal. The valve body 
68 includes a passage 70 having a longitudinal axis 71 in FIG. 6 and sized to receive 
the drain tube 52, and a cavity 72 having a longitudinal axis 73. The passage 70 and 
cavity 72 intersect each other such that the longitudinal axes 71 and 73 are 
perpendicular or substantially perpendicular to each other. The valve 58 also includes 
a bar 74, a plunger 76 and a spring 78. The bar 74 extends perpendicular or 
substantially perpendicular to the longitudinal axis 71 and through the passage 70 and 
cavity 72 where the passage 70 and cavity 72 intersect. The plunger 76 is movable 
within the cavity 72 between an open and closed position. The spring 78 is disposed 
between a closed end 79 of the cavity 72 and the plunger 76 to bias the plunger 76 in 
the closed position. In the closed position, the spring 78 forces the plunger 76 toward 

■ 

the bar 74 to pinch a portion of the drain tube 52 between the plunger 76 and bar 74. 
When the plunger 76 is in the closed position the valve 58 is closed. In the open 
position, the plunger 76 is moved away from the bar 74 to allow the same portion of 
the drain tube 52 to expand, and the valve 58 is open. In addition, the plunger 76 and 
bar 74 remain in contact with the drain tube 52. Thus, the valve 58 remains connected 
to the drain tube 52 by friction. In other embodiments, such ; as when the valve 58 is 
attached directly to the wheelchair 40, the open position may not include the plunger 
76 and bar 74 remaining in contact with the drain tube 52. 

[23] Still referring to FIGS. 4 and 5, the bar 74 focuses the pinching force in the 
plunger 76 to minimize the pinching force required to close the valve 58. In this and 
certain other embodiments, the bar 74 includes a straight, cylindrical or substantially 
cylindrical bar and focuses the pinching force to a straight or substantially straight line 
on the drain tube 52. The bar 74 has a diameter of two millimeters, is made of 

i 

conventional stainless steel and is retained to the valve body 68 by friction. This 
allows one to quickly and easily remove the bar 74 to gain access to the whole cavity 
72 or to replace the bar 74. In other embodiments, the bar 74 can have any diameter 
desired, be made from any desired material capable of providing enough rigidity to 
pinch the drain tube 52 when the plunger is in the closed position, and retained to the 
valve 58 by any desired fastener or fastening technique such as a snap ring or 
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adhesive. In still other embodiments, the bar 74 can include a bar having any desired 
cross sectional shape such as a triangle or square. 

[24] Still referring to FIGS. 4 and 5, the plunger 76 moves within the cavity 72 to 
open and close the valve 58. In this and certain other embodiments, the plunger 76 is ' 
5 made of conventional stainless steel and includes a circular or substantially circular 
plate sized to slide within the cavity 72. The plunger 76 also includes a drain-tube- 
contact surface 80 that is flat or substantially flat. In other embodiments, the plunger 
76 can be made of any desired material capable of providing enough rigidity to pinch 
the drain tube 52 closed when the plunger is in the closed position. Additionally or 

10 alternatively, the plunger 76 can be any desired shape such as a triangle or square 
that permits the plunger 76 to slide within the cavity 72. Additionally or alternatively, 
the plunger 76 can also include a drain-tube-contact surface 80 that is contoured. For 
example, the drain-tube-contact surface 80 can include a concave portion that 
matches the bar's shape or the surface 80 can include a convex portion that further 

15 focuses the pinching force in the plunger 76. 

[25] Still referring to FIGS. 4 and 5, the spring 78 biases the plunger 76 towards the 
bar 74. In this and certain other embodiments, the spring 78 includes a coil spring 
sized to be in compression when the plunger 76 is in the closed position. 
Furthermore, the spring 78 is sized to provide a minimal amount offeree to the plunger 
20 76 to pinch the drain tube 52 closed and close the valve 58. The spring 78 is made of 
conventional spring steel but can be made of any other desired material such as other 
kinds of steel or other metals. In other embodiments, the spring 78 may include any 
desired type of spring that can provide the pinching force required, such as a Belleville 
spring. 

25 [26] Still referring to FIGS. 4 and 5, to move the plunger 76 to the open position, one 
operates the caliper 60 in FIG. 3 as discussed in greater detail in conjunction with 
FIGS. 7 and 8. In the closed position, the spring 78 forces the plunger 76 toward the 
bar 74 to pinch the drain tube 52. To close the valve 58 the spring 78 must provide 
enough force to the plunger 76 to generate a seal between the collapsed portions of 

30 the drain tube 52. Operating the caliper 60 causes the cable 62 to pull the plunger 76 
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away from the bar 74. Thus, to move the plunger 76 away from the bar 74 the cable 
must provide more force than the spring 78. 

[27] Still referring to FIGS. 4 and 5, in this and certain other embodiments, the valve 
58 also includes a spring adjustment plate 82 for adjusting the pinching force of the 
plunger 76 and a spring adjustment member 84 for moving and retaining the spring 
adjustment plate 82 in a desired position. The spring adjustment plate 82 is disposed 
in the cavity 72 of the valve body 68 between the closed end 79 and the spring 78. To 
adjust the pinching force of the spring 78, the spring adjustment plate 82 is movable 
toward or away from the closed end 79. The spring adjustment member 84 includes a 
screw threaded through the closed end 79. By rotating the screw, the spring 
adjustment plate 82 is moved toward or away from the closed end 79. To retain the 
spring adjustment plate 82, the plate 82 is compressed between the screw and the 
spring 78. In other embodiments, the valve 58 may not include a spring adjustment 
plate 82, and the spring 78 may be compressed between a shoulder of the spring 
adjustment member 84 and the plunger 76. 

[28] Still referring to FIGS. 4 and 5, adjustment of the pinching force may be 
required when a spring having a different spring constant is inserted into the cavity 72 
of the valve body 68 or when a different drain tube 52 is inserted into the passage 70 
of the valve 58. In addition, the spring adjustment member 84 and spring adjustment 
plate 82 can serve as an alternative means for opening and closing the valve 58 
should the caliper 60 or cable 62 malfunction. For example, the spring can be sized to 
provide a pinching force when the spring adjustment plate 82 is located away from the 
closed end 79 and provide a pinching force insufficient to close the valve 58 when the 
plate 82 is located next to the closed end 79. To open the valve 58, one could rotate 
the spring adjustment member 84 out of the body 68. To close the valve 58 one could 
rotate the spring adjustment member 84 into the- body 68. 

[29] Although the valve 58, as shown, includes one bar 74, the valve may include 
more than one bar. This may be desired when fluid pressure within the drain tube is 
high enough to require an excessive pinching force with one bar 74 to prevent or 
substantially prevent fluid from flowing through the drain tube 52. In addition, although 
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the valve 58, as shown, receives one drain tube 52, the passage 70 can be sized to 
receive two or more drain tubes 52. Furthermore, although the valve 58, as shown, 
includes one spring 78, the valve 58 can include more than one spring 78 and more 
than one type of spring. 

5 [30] FIG. 6 is an end view of the valve 58 of FIG. 5 taken along the line 6-6 in FIG. 
5. As can be seen in FIG. 6, the size of the bar 74 that contacts the drain tube 52 is 
significantly less than the drain-tube-contact surface 80 of the plunger 76. This allows 
the bar 74 to focus the pinching force of the plunger 76 and thus reduce the amount of 

< 

pinching force required to close the valve 58. In addition, FIG. 6 shows the open end 
10 84 of the valve body's cavity 72 that permits easy removal of the plunger 76, spring 78 
in FIGS. 3 and 4 and.spring adjustment plate 82 in FIGS. 3 and 4. By simply removing 
the bar 74 from the body 68 as previously discussed in conjunction with FIGS. 4 and 5, 
the components of the valve 58 disposed within the cavity can be removed to be 
cleaned or replaced when desired. 

15 [31] FIGS. 7 and 8 are side views of the caliper 60 in FIG. 3. FIG. 7 shows the 
caliper 60 in a locked position that keeps the valve 58 in FIGS. 3-6 open. FIG. 8 
shows the caliper 60 in an unlocked position that closes the Valve 58. 

[32] In this and certain other embodiments, the caliper 60 includes a body 86, a 
main lever 88 for opening and closing the valve 58, and a lock lever 90 for locking the 

20 valve 58 open. The main lever 88 is pivotally attached to the body 86 at a first location 
90 using conventional techniques such as a pin and snap ring. The caliper end 66 of 
the cable 62 is attached to the lock lever 90 at a second location 94, as previously 
discussed elsewhere herein. The lock lever 90 is pivotally attached using conventional 
techniques to the main lever 88 at a third location 96 that does not align with the cable 

25 62 and second location. Thus, pivotal movement of the main lever 88 causes the lock 
lever to pivot about the third location 96. 

[33] Still referring to FIGS. 7 and 8 in this and certain other embodiments, to open 
the valve 58, a user rotates the main lever 88 away from the lock lever 90 causing the 
main lever 88 to rotate about the first location 92. With the cable 62 attached to the 
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plunger 76 in FIGS. 4 and 5 the plunger 76 is urged toward the open position. But, the 
spring 78 resists such movement causing the lock lever 90 to rotate in a direction 
opposite the main lever 88. After the lock lever 90 has sufficiently rotated to the 
locking position, it stops rotating relative to the main lever 88. Further rotation of the 
main lever 88 will not cause the lock lever 90 to rotate, but instead, further open the 
valve 58 by pulling the plunger 76 against the spring 78. Once, the valve 58 is 
opened, the user releases the main lever 88 to allow the lock lever 90 to contact the 
body 86 of the caliper 60 and retain the plunger 76 in the open position. Thus, the 
. user does not have to hold the main lever 88 down to keep the valve 58 open. And, by 
extending the length of the main lever 88, one can further reduce the force required to 
open the valve 58. 

[34] Still referring to FIGS. 7 and 8, in this and certain other embodiments, to close 
the valve 58 after the valve 58 has been locked open, the user pushes the lock lever 
90 toward the main lever 88. This causes the lock lever 90 to lose contact with the 
body 86. Once contact is lost, pushing the lock lever 90 toward the main lever causes 
the lock lever 90 to rotate out of the locking position. Consequently, the spring 78 
pulls the main lever 88 and lock lever 90 toward the main body 86, and the plunger 76 
can be moved to the closed position. By extending the length of the lock lever 90, one 
can reduce the strength required to close the valve 58. 

[35] Thus, to open the valve 58 and release the lock lever 90 from the locked 
position, a user rotates the main lever 88 and lock lever 90, respectively, in the same 
direction. This can be desirable when a user has some strength moving a part of 
his/her body in one direction but no strength in the opposite direction. For example, 
some quadriplegics have considerable strength extending their arm away from their 
body but very little strength retracting their arm back to their body. 

[36] Still referring to FIGS. 7 and 8, in this and certain other embodiments, the lock 
lever 90 includes a lip 98 for retaining the lock lever 90 in the locked position and a 
foot 100 for preventing rotation of the lock lever beyond the locked position. The lip 98 
is configured to maintain contact with the body 86 to unlock the caliper 60 when the 
caliper 60 locks open the valve 58 yet allow rotation of the lock lever 90 toward the 
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main lever 88. In other embodiments, the lock lever 90 can include other means for 
retaining the lock lever 90 in the locked position. For example, the lock lever 90 can 
include a groove for receiving a lip on the body 86 to lock the valve 58 open. 
Furthermore, the lock lever 90 can include other means for preventing rotation of the 
lock lever 90 beyond the locked position. For example, the main lever 88 can include 
a protrusion that contacts the lock lever 90 when the lock lever 90 is in the locked 
position. 

[37] Although a valve assembly and method for controlling the flow of fluid through i 
tube has been described in considerable detail with reference to certain embodiments 
for purposes of illustration, other embodiments are possible. Therefore the spirit and 
scope of the appended claims should not be limited to the above description of the 
embodiments; the present invention includes suitable modifications as well as all 
permutations and combinations of the subject matter set forth herein. 
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